The structures of novel antimicrobial antibiotics, amythiamicins A, B and C, were elucidated by chemical degradations and NMRspectral analyses. The main frame from C-l to C-41 of these antibiotics wasthe same as that of amythiamicinD. Aminoacid autoanalyses of amythiamicins A, B and C showed that these have another one mole of serine and proline in comparison with amythiamicin D. Stereochemistries of both amino acids were determined to be l by chiral HPLC. These seryl-prolyl residues in amythiamicins A, B and C are attached at C-41 through an oxazoline ring, amide and ester bond, respectively.
Structure of Amythiamicin A The molecular formula of amythiamicin A was established to be C50H51N15O8S6by HRFAB-MS, 13C NMRand elemental analysis. The acid hydrolysis (6n HC1, 1 10°C, 16 hours) of amythiamicin A gave 3300, 2980, 1660, 1540, 1500, 1250, 1100, 990, 760 MeOH, DMSO «-Hexane, H2O
Colorless powder 1, 200 (M+H)+, 1,199 (M") Calcd for C50H54N15O9S6 one mole of proline, serine, glycine and three unusual amino acids described in the previous paper2). The structure elucidation of amythiamicin A was carried out spectroscopically by comparing the data with those of amythiamicin D. Chemical shifts in the XH NMRand 13C NMRof amythiamicin A are shown in Tables 2 and 3 . Detailed NMRanalyses of lH and 13C NMRspectra,^H COSYand XH-13CCOSYspectra as well as heteronuclear multiple bond correlations (HMBC)3) spectrum indicated that the main frame from C-l to C-41 in amythiamicin A was the same as amythiamicin D. This identity was also confirmed by the fact that the acid hydrolysis of amythiamicin A with 1 n HC1at room temperature for 1 hour followed by methanolysis with 10% anhydrous HCl-MeOH at 80°C for 1 hour gave amythiamicin D (Fig. 3 ).
Amythiamicin A differed from amythiamicin D in the part of the peptidic side chain consisting of one mole ofserine and proline. The side chain at C-41 was determined as follows: The prolyl residue (C-4'~C-8') was assigned by the 1H-1H COSYand HMBC spectra as shown in Fig. 2 . The 1H-13C long-range couplings from two amino protons (the 8' -NH2 (SH 8.02, 8.40) ) to C-7' (3C 61.1) showed that C-terminal of the side chain was prolinamide. The seryl residue (C-l'~C-3') was also assigned by the^^H COSYand HMBC spectra. The long-range cross peaks from the l'-CH (Su 5.36), the 2 -CH2 (3H 4.40, 5.32) (seryl residue) and the 4'-CH2 (SH 3.98, 4.38) (prolyl residue) to an amide carbonyl (C-3' (3C 168.5)) confirmed that the structure of the side chain was serylprolinamide. To satisfy the molecular formula of amythiamicin A, two moles of H2Oshould be lost between amythiamicin D free acid and the serylprolinamide. Indeed, an amide proton and a hydroxyl proton signals derived from seryl residue were not observed in the XHNMR spectrum. Therefore, it was deduced that the side chain was attached at C-41 through an oxazoline ring. Onthe basis of these results described above, the structure of amythiamicin A was determined as shown inFig.1.
Structure of Amythiamicin B The molecular formula of amythiamicin B was determined to be C50H53N15O9S6by HRFAB-MS and 13C NMRanalysis. The result of amino acid autoanalysis for amythiamicin B was the same as that of amythiamicin A.
As summarized in Tables 2 and 3 , *H and 13C chemical shifts of amythiamicin B were similar to those of amythiamicin A. However, one amino proton (the l'-NH (<5H 9.19)) and one hydroxyl proton (the 2'-OH (<5H 7.36)) which were absent in amythiamicin A, were observed in the *H NMRspectrum of amythiamicin B. The^^H COSY-spectrum showed the partial structure (l'-NH-l'-H-2'-H-2'-OH). The molecular formula of amythiamicin B showed that one mole of H2Owas added as comparedwith that of amythiamicin A. These results suggested that the oxazoline ring in amythiamicin A was opened by the hydrolysis of the carbon-oxygen bond. The HMBCdata of amythiamicin B (Fig. 2) and the result of a mild acid hydrolysis for amythiamicin A (Fig. 3 ) also supported the fact that the seryl-prolyl residue was attached at C-41 through an amide bond. From the results described above, the structure of amythiamicin B was determined as shown in Fig. 1 .
Structure of Amythiamicin C The molecular formula of amythiamicin C was established to be C50H50N14O9S6by HRFAB-MS and 13C NMR analysis. The result of amino acid autoanalysis for amythiamicin C was also the same as that of amythiamicin A.
As summarized in Tables 2 and 3 , XHand 13C chemical shifts of amythiamicin C were similar to (3.4, 9.4) 7.22 d (7.0) * Measured at 500MHz in C5D5N; ppm from TMS. ** Measured at 500MHz in CDC13; ppm from TMS.
The coupling constants (Hz) are in parentheses.
those of amythiamicin A, but one of the terminal amide protons in amythiamicin C was lost. In the HMBC spectrum, this amide proton (the l' -NH (Sn 9.82)) had long-range couplings with C-l' (Sc 55.3), C-3' (Sc 164.1) (seryl residue) and C-7' (Sc 59.6) (prolyl residue) as shown in Fig. 2 . Amythiamicin C was also obtained from the acid hydrolysate (I n HC1, 110°C, 1 hour) of amythiamicin A (Fig. 3) . These results suggested that the oxazoline ring in amythiamicin A was opened by the hydrolysis of the carbon-nitrogen bond and the formation of an ester bond, followed by the diketopiperazine ring formation. The presence of the ester bond was confirmed by IR spectrum (1735cm"1). The HMBC data suggested that the ester bond was between C-42 and the hydroxyl group of the seryl residue. Fromthese results, the structure of Table  4 ). The stereochemistries of serine and proline in amythiamicins A, B and C were all l. The three amino acids containing thiazole rings were all racemic mixtures40. Therefore, an X-ray crystallographic study of amythiamicin D is now in progress.
Experimental FAB-MSand HRFAB-MS were obtained on a JEOLJMS-SX 102 spectrometer. NMRspectra were recorded on a JEOLJNM-A500spectrometer, IR spectra on a Hitachi 1-5020 FT-IR spectrometer, and UVspectra on a Hitachi U-3210 spectrometer. Optical rotations were measured with a Perkin-Elmer 241 polarimeter. Amino acid autoanalyses were done with a Hitachi L-8500 amino acid autoanalyzer.
The stereochemistry of the amino acids of amythiamicins A, B and C were examined by HPLCwith a chiral column. Analytical condition-Column: CHIRALPAKWH(i.d. 4 .6 x 250 mm); mobile phase, 1 mMCuSO4; column temperature, 50°C; flow rate, 1.5 ml/minute; detection, UV absorption at 220 nm.
Acid Hydrolysis of Amythiamicin A Amythiamicin A (32mg) was hydrolyzed with 1 n HC1(3ml) at room temperature for 1 hour in a
